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SUMMARY
The viscosity, thermal conductivity, electrical conductivity_ binary dif-
fusion coefficient_ multicomponent diffusion coefficient_ and thermal diffusion
coefficient are calculated for equilibrium ionizing atomic 2hydrogen for temper-
atures from 5000 ° to 40 000 ° K at pressures from i0 -° to i0 atmospheres. Rig-
orous first- and second-approximation equations are used throughout. The col-
lision cross section for all the interactions are presented in tabular form.
INTRODUCTION
In recent years considerable_interest has developed in the transport prop-
erties of gases at temperatures sufficiently high for dissociation and ioniza-
tion to be important. In this temperature range experimental measurements are
difficult_ if not impossible_ and the most accurate sources of information at
present are theoretical calculations based on equations obtained frora kinetic
theory. The transport properties of hydrogen in the temperature range where
dissociation is important are calculated in references I and 2. No ionization
of hydrogen was considered in these calculations. In this report_ the trans-
port properties of ionizing atomic hydrogen are calculated. Rigorous first- and
second-approximation equations based on the moment method and the Chapman-Enskog
method of solving the Bo!tzmann equation are used. A critical evaluation of
these approximations is discussed by Ahtye (ref. 3) and DeVoto (ref. 4).
The calculations are made for pressures ranging from 10 -5 to 102 atmo-
spheres and temperatures ranging from 5000 ° to 40 000 ° K. As is shown inthe
following paragraph_ these calculations may be thought of as an extension of the
results of references i and 2 to higher temperatures.
An estimate of the range of pressures and temperatures where references i
and 2 and the present results are valid may be made from figure i_ where one of
the two curves corresponds to temperatures and pressures where the mole fraction
of molecular hydrogen is 5XIO -_ and the other corresponds to temperatures and
pressures where the mole fraction of atomic hydrogen ions is 5XIO -_. Results of
references i and 2 should be valid in region I of figure i_ and the present re-
sults should be valid in region II. The shaded region is the overlap region
where dissociation and ionization reactions should be considered simultaneously.
Even in this region_ however, the mole fraction of molecular hydrogen is always
less than 0.02_ and the data of references i and 2 may be faired smoothly into
the present results. To show this_ the thermal conductivity was calculated for
temperatures between 5000 ° and 15 000 ° K at a pressure of 102 atmospheres in-
cluding both dissociation and ionization. The resul%s_ together with the data
from reference i and the present calculation, are plotted in figure 2. It is
seen that only a small error would be introduced if a smooth curve is drawn to
connect the results o£ reference i to the present results. The thermal conduc-
tivity was chosen for the illustration since it is the transport property most
sensitive to chemical reactions. A pressure of 102 atmospheres was chosen be-
cause i% has the largest range of temperatures where both dissociation and ioni-
zation occur simultaneously.
Yos (ref. 5) has calculated the transport properties of ionizing hydrogen
for pressures of i_ 3_ i0_ and 50 atmospheres and temperatures up to 30 000 ° K.
The present calculation differs from that of Yos in that rigorous equations are
used throughout_ additional transport coefficients were calculated_ and the cal-
culations were made over a wider temperature and pressure range. Also, in the
present calculation of the thermal conductivity, an additional term _d is in-
cluded.
ASSUMPTIONS
The calculations made in this investigation are based on the following
assumptions:
(i) The ideal gas law is valid for an ionized gas.
(2) The number of neutral hydrogen atoms in the excited states are negli-
gible.
(3) The first-approximation equations for viscosity and the second-
approximation equations for translational thermal conductivity, binary diffusion
coefficient_ thermal diffusion coefficient, electrical conductivity, and multi-
component diffusion coefficients are valid.
(4) The contribution to the thermal conductivity due to chemical reaction
may be calculated by the expression given by Butler and Brokaw (ref. 6) with
the use o£ the multicomponent diffusion coefficient as suggested in reference 7.
Validity o£ Assumptions
Zeleznik and Gordon (ref. 8) have investigated the deviation of a plasma
from ideal gas behavior. They present their results so that the deviation of
the compressibility factor Z (equal to pV/RT) from unity indicates the depar-
ture from ideal behavior. (All symbols are defined in appendix A.) Using their
expression to calculate Z at a temperature of 20 000 ° K and a pressure of
102 atmospheres gave a value of approximately 1.01. Since the correction factor
for Z decreases for increasing temperatures and decreasing pressures, it is
expected that the gas will deviate less than i percent from ideality for most of
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the conditions calculated. Then_ assumption (i) is a good approximation.
With regard to assumption (2)_ Rosenbaumand Levitt (ref. 9) show that_ for
hydrogen gas at temperatures less than 20 000° K and pressures of 102 atmo-
spheres or less_ the contribution of the excited states to the atom partition
function is negligible compared with the ground-state contribution. Since the
concentration of hydrogen atoms is less than 0. i percent for temperatures
greater than 20 000° K_ it is expected that the atoms in the excited states will
contribute a negligible amount to the transport coefficients.
An estimate of the error introduced by assumption (3) may be obtained from
reference _ in which equations to the fourth approximation are given for all
the transport coefficients except viscosity_ where only the second approxima-
tion is given. Also_ the deviation of the higher approximations from the first
approximation for a completely ionized binary gas for several ion to electron
mass ratios is included. For an ion to electron mass ratio of 1836 (hydrogen),
the first approximation for the viscosity and the second approximation for the
other coefficients_ except the translational thermal conductivity were within
15 percent of the higher approximations. The values obtained by using the
third approximation for the translational thermal conductivity were approxi-
mately twice the values obtained by using the second approximation and were ap-
proximately equal to the values obtained by using the fourthapproximation.
Therefore_ with the exception of the translational thermal conductivity_ th_
transport properties presented herein should be within 15 percent of the higher
approximation values for the collision cross sections used.
With regard to assumption (_) the expression of Butler and Brokaw for the
reaction contribution to the thermal conductivity was derived for dissociating
reactions by neglecting thermal diffusion and assuming that the first approxi-
mation to the diffusion coefficients was valid. Ahtye (ref. 3) and DeVoto
(ref. _) state that for an ionizing gas_ thermal diffusion may be important and
should be considered. In addition_ Ahtye states that the charge separation
field Es caused by the difference in the ion and electron concentration gra-
dients should be considered. Meador and Staton (ref. 7) rederived the heat-
conductivity equation to include the effects of the charge separation field Es
and the thermal diffusion on the reaction contribution to the total heat conduc-
tivity. The conclusion reached by Meador and Staton (ref. 7) was that Butler
and Brokaw's expression is valid for ionization including a charge separation
field and thermal diffusion if the diffusion coefficients in their expression
are identified as the multicomponent rather than the binary coefficients.
TRANSPORTCOEFFICIENTS
The basic theory of transport phenomenais given in the books of Chapman
and Cowling (ref. i0) and Hirschfelder, Curtiss_ and Bird (ref. ii). A brief
review of the derivation of the transport coefficients is given in references 3
and _. Only the defining equation for the coefficients will be given here. The
notation used is that of DeVoto (ref. _) and Chapter VII of Hirschfe!der_ et al.
(ref. ii).
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The multicomponent diffusion coefficients Dij and the thermal diffusion
coefficients D_ are defined from the general expression for the diffusion
velocity of the i th species relative to the mass average velocity
v
- n2 Z _*(_i) _i p mjDijdj
j=2
j/i




where dj is a sum of terms proportional to the concentration gradient, the
pressure gradient, and the difference in the external forces X acting on the
various species of molecules,
_j = &(nj_+I_ - "_)8 in p
_r\ n / 8_ \pp/ xJ - 2 n_X (2)
and v is the total number of different species contained in the gas.
is 2, Dij is the binary diffusion coefficient.
When v
When the energy flux for a monatomic_ reacting gas with no internal energy
is written in the form (ref. 7)
q = -h 8T
_ (5)
The coefficient h is defined as the thermal conductivity coefficient.
ences & and 7 show that h is composed of three terms:
Refer-
h = ht + h r + hd
where ht is the translational contribution, hr is the reaction contribution,
and, from reference 7,
_d -- _e + _ \ _e-: _ (_)
The viscosity coefficient q is defined by the relation
= P2 - 2_# (5)
where P is the pressure tensor and S is the rate of shear tensor.




-" -" am (6)J= c_E + cc
is the electric field and o is defined as the electrical conduc-
Explicit expressions for the first or second approximations to the preced-
ing transport coefficients are given in appendix B.
COLLISION INTEGRAL
age collision cross section
The equations for the transport properties in appendix B contain the aver-




_!_.,s)= _J T _ (7)
• o l(s+ l).'[1 _+(-l)z]
is the collision integral
_Zj' 2_i j e-_2J_'(Zs+3)Q!Z) dYij mj ij
_0
is the monoenergetic collision cross section
CO




is the reduced relative velocity (V_i.i/2kT g) and X is the angle of de-Yij
flection between the relative velocity vectors of the two colliding particles
before and after the collision. The scattering angle X is a function of the
interaction potential q0 (see eq. 8.2-1 of ref. ii). The collision integrals
for each interaction will be considered separately in the following paragraphs.
Hydrogen Atom - Hydrogen Atom Collisions
When two hydrogen atoms in their ground states collide_ theinteraction
can occur along either of two potentials. Out of every four H-H collisions_
there is a possibility that one will follow a IZ energy curve corresponding to
the normal hydrogen molecule and that three will follow the 3Z energy curve
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corresponding to the lowest repulsive state of hydrogen. For the potential
energy of interaction corresponding to the 3Z energy curve_ an exponential-
repulsive potential was used in the calculations_ and for the potential energy
related to the iz energy curve_ an exponential-attractive potential was used.
For both these exponential potentials_ the equation was of the form
q)(r) = Ae'r/p (lO)
where r is the distance of separation of the two colliding particles and A
and D are suitable parameters peculiar to the interaction. The constant A
is positive for repulsion and negative for attraction. For the 3Z interac-
tion_ the parameters A and p were taken from reference 12. For the IZ
interaction_ the data of reference 13 were em_irically fitted to the exponential
potential for _(r) between i0 -& and i electron volt by using the method of
least squares. The results are
r
H-H iz: @(r) = -80 e 0.3922 eV
r
H-H 5Z: _(r) = 60.6 e 0.3319, eV
where r is in angstroms. With the parameters A and p, the quantities
_(Z's):3Z H-H and _(Z's):Iz H-H were obtained by using the tabulations in
references i_ and 15, respectively. In the equations for the transport proper-
ties, the _(Zjs) used was weighted with its multiplicity, therefore
_ 1 5(z,s) + 3 :(z,s)
H-H & H-H:Iz _ _ZH-H:3Z
Hydrogen Atom - Hydrogen lon Collisions
For these collisions, it is necessary to consider the effects of resonant
charge exchange on the collision integrals. In reference 16 these effects are
discussed and it is shown that, only for odd values of Z, are the collision
integrals 2 (Z,s) affected by charge exchange and independent of the s val-
ues. Therefore, the collision integrals 2 (2,s) are independent of charge ex-
change. In the first and second approximations, the only odd value of Z that
appears in the transport properties equations is Z equals i. Reference 16
shows that at high temperatures_ the collision integrals 2(i, s) are given to
a high degree of accuracy by
_0 _°
_(1, S) = 2_(1, S) _ e-Y2y(2s+3)Q(l) dy
ex = _ _-- -ex (ii)
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(ll
-'-" is the mono-where _(Z_s) is the charge exchange collision integral and _ex
ex . .
energetic collzsmon cross section for charge exchange.
The monoenergetic collision cross section was calculated by using the ex-
pressions given in reference 17. The results for Q_ex)t_ in angstroms 2 were then
fitted to the expression
-- (s-e in (12)
where B = 5.44, C = 0._2_ and E is the relative energy in ergs before the
collision. Equation (12) was then substituted in equation (Ii) and the result-
ing expression was integrated to obtain _(l,s). The result is given in appen-
dix C. ex
The collision integrals _(2_2) are obtained from the following considera-
tions. The interaction can occur along either of two potential energy curves,
the 2p_(2E +] or the isaI2E+l (ref. 18). The 2po(2E+l corresponds to a repul-
' \ u/ \ g/ / \ \ u/
tosire potential
potential at large separations and to a repulsive potential at small separations
(see ref. 18 for a discussion). For the isa(2E_) potential energy, it was
found that the collision cross sections obtained for temperatures less than
15 000 ° K by using an exponential-attractive potential (a strictly attractive
potential) were within i0 percent of those calculated by using a Morse potential
(a potential that is attractive at large separations and repulsive at small
separations). For higher temperatures they were always within a factor of 2 of
the values obtained by using a Morse potential. Since for temperatures greater
than 15 000 ° K_ the concentration of neutral hydrogen atoms is negligible, only
a small error will be introduced by using an exponential-attractive potential
over the entire temperature range. Therefore, in the calculation of the colli-
sion integrals _(2_2) the isa(2E_] potential was fitted with an exponential-
H_H + ; __,
attractive potential for values of separation distances from approximately i
to 8 angstroms_ and the 2pa(2E_) was fitted with an exponential-repulsive po-
tential over the same separation distances. The results are
i.022
_(r) 9. 5628 e eV for
r
()O.5817 2 +q0(r) = -56. S7 e , eV for 2pa Eu
The data for both potentials were taken from references 19 and 20.
Hydrogen Atom -Electron Collisions
The zeroth order singlet and triplet elastic phase shifts for monoenergetic
e-H scattering processes are tabulated in reference 21. The singlet phase shift
is used when the total spin of the incident and the atomic electron is zero, and
the triplet phase shift is appropriate when the total spin of the incident and
the atomic electron is i. The monoenergetic collision cross section (eq. (9))
is given in terms of the zeroth order phase shift by the equation (see ref. 22)
Q(1) _ &_2 sin280
m2g2
Q(2) _ 8_ 2 sin280
Zm2g 2
where _ is Planck's constant divided by 2_ and 80 is the zeroth order
phase shift. In the equations for the transport properties_ the collision cross
sections for singlet 88 and the triplet 86 phase shifts were weighted with
their respective multiplicities. The multiplicity is equal to 2S + i where
S = 0_i for the singlet and triplet phase shifts_ respectively. Therefore
m2g2
8_ 2 ll sin280 Z • 2_ +\+_ sln o0 )
3m2g2 4: /
(is)
In order to perform the integration of equation (8) when equation (iS) is
substituted_ sin285 + S sin28_ was fitted with a fourth-degree polynomial in
the velocity range from approximately SXIO 7 to ISXIO 7 centimeters per second
(temperature from approximately 2000 ° to 40 000 ° K). The resulting polynomial
was substituted in equation (8) and the integration performed to obtain _s).t_
The results are given in appendix C.
Hydrogen Ion - Hydrogen lon_ Hydrogen Ion - Electron_
and Electron-Electron Collisions
The shielded coulomb potential as given in reference 23 was used for these
interactions. The shielded coulomb potential is of the form
= _ e-r/h
r
where h is the Debye length and q is the charge.
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The viscosity, thermal conductivity, electrical conductivity, binary and
multicomponent diffusion coefficients, and thermal diffusion coefficients were
calculated for equilibrium atomic hydrogen at temperatures ranging from 5000°
to 40 500° K and pressures from 10-5 to 102 atmospheres. The degree of ioniza-
tion needed for calculating the mole fractions was obtained from
= 4f Ki
V p + K i
where Ki, the ionization equilibrium constant, was taken from reference 9.
The equations used for calculating the transport properties are given in
appendix B. The calculations were performed on an IBM 7094 computing machine.
RESULTS AND DISCUSSION
Listed in table I are the collision cross sections and the quantities A*,
B*, and C* that depend on temperature only. Table II and figures 5 to i0
present the transport properties for pressures from 10 -5 to 102 atmospheres in
500 ° K temperature intervals from 5000 ° to 40 500 ° K. Also in table II, the
shielded coulombic collision cross sections _t,s)" and the quantities A*, B*,
and C* for the shielded coulombic potential are presented. These quantities
depend on temperature and pressure since they are a function of the Debye
shielding length, which is a function of the charged particle density.
Figure 5 shows the product of the pressure and binary diffusion coefficient
as a function of temperature and pressure. From figures 3(a) and (c), this
product for the atom-ion and the atom-electron becomes more independent of pres-
sure as the temperature increases.
Figure 4 illustrates the variation of the product of the pressure and mul-
ticomponent diffusion coefficients with temperature and pressure. A comparison
of the product pDH+_H (fig. 4(e)) with the product PDH_H+ (fig. 4(f)) reveals
that these two coefficients are approximately equal for all pressures. Also
from figures 4(e) and (f), the products pDH+_H and pDH_H+ are independent of
pressure.
Figure 5 shows the thermal diffusion coefficient as a function of tempera-
ture and pressure. Figure S(a) shows that the atomic hydrogen coefficient
is negative for all temperatures shown. (Negative values indicate that the
particle tends to move toward the warmer region.) Therefore, in a physical sys-
tem, the diffusion of hydrogen atoms caused by a temperature gradient is in the
same direction as the diffusion of the hydrogen atoms caused by a concentration
gradient. This is just the opposite of atomic hydrogen thermal diffusion at
the low temperatures, where ionization was not important (ref. I).
Figures 5(b) and (c) show that the electron thermal diffusion coefficient
is positive for all temperatures and pressures studied and that the hydrogen
ion thermal diffusion coefficient is positive at the lower temperatures and be-
comes negative at the higher temperatures. Hence, the electron thermal diffu-
sion is in the samedirection as the concentration diffusion, and the hydrogen
ion thermal diffusion is in the same direction as the concentration diffusion
at the lower temperatures and opposite at the higher temperatures.
The condition that
_ nimi(V_i > = 0
i
implies from equation (1) that
D_ + D_+ + DT=e 0
which is substantiated in table II and figure 5.
A comparison of the values of the thermal diffusion coefficients reveals
that, up to a high degree of ionization (mole fraction of ions, XH+< 0._0)_
T
is approximately equal to -DH+. Therefore_ the diffusive motion of the ions
and atoms is almost independent of the diffusive motion of the electron. This
is a result of the small mass of the electron in comparison with the mass of the
ion and atom.
Figures 6 and 7 show the variation of the viscosity coefficient and the
translational thermal conductivity_ respectively, with temperature for pressures
from 10-5 to 102 atmospheres. From these figures it is seen that_ except for
conductivity corresponding to a pressure of 102 atmospheres, these two quanti-
ties first decrease to a minimum and then increase monotonically with tempera-
ture. The reason for the variation may be explained as follows: These quanti-
ties vary inversely with the collision cross sections. As the temperature in-
creases_ there is a transition from a gas composedof all neutral species to a
gas composedof all charged species. Correspondingly_ the collision cross sec-
tions of the gas change from the relatively small values corresponding to neu-
tral particle collisions to the relatively large values corresponding to charged
particle collisions. For pressures less than 102 atmospheres_ the transition
occurs rapidly enough to cause both the viscosity and frozen thermal conduc-
tivity to decrease as the temperature increases even though the neutral and the
coulombic collision cross sections decreased with increasing temperature.
Figure S shows the variation of hd with temperature and pressures. It is
seen that this quantity is always less than 6 percent of the total thermal con-
ductivity.
Figure 9 shows the variation of the total thermal conductivity with tem-
perature for the samepressures, lonization causes the total thermal conduc-
tivity to rise sharply with temperature and to have very pronounced peaks. The
peaks occur where the quantity T(_Ki/_T ) reaches a maximumand tend to broaden
as the pressure increases. The electrical conductivity is shown as a function
of temperature and pressure in figure i0.
i0
Comparison With Previous Results
Yos (ref. 5) calculated the thermal conductivity, viscosity coefficient,
the electrical conductivity of equilibrium hydrogen, and the H-e- and H-H+
binary diffusion coefficient for pressures of i_ 5, i0, and 30 atmospheres for
temperatures up to 30 000° K. These calculations are the only other calcula-
tions of the transport properties of partially ionized hydrogen known to the
author.
Figure ii shows a comparison of the present results for the electrical
conductivity with those of reference 5 for a pressure of i atmosphere. Also
shown at a temperature of 50 000° K is the value obtained by using the Spitzer
equation (ref. 24) for the electrical conductivity of a completely ionized gas.
At a temperature of 50 000° K_ the present results are larger than those ob-
tained from the Spitzer equation by approximately i0 percent and larger than
those of Yos by approximately 17 percent. The agreement with the present re-
sults is reasonable considering the difference in the method of obtaining
them.
In reference 5_ the first approximation equation (eq. (BI8)) was used to
calculate the electrical conductivity_ and the coulombic collision cross sec-
tions were adjusted so that the results agreed as closely as possible with the
results obtained by using the Spitzer equation when the gas was completely
ionized. As shown in figure 12_ these coulombic collision cross sections are
lower than the shielded coulombic collision cross sections used in this report.
Since the electrical conductivity varies inversely with the collision cross sec-
tion, the lower values of electrical conductivity obtained in reference 5 can
only be attributed to his use of only the first approximation equation.
In figures 15 and 14 are presented comparisons of the values for the trans-
lational thermal conductivity and the viscosity, respectively. The present re-
sults agree approximately with the result of reference 5 for temperatures less
than i0 000o K but are lower for all higher temperatures. The differences are
again attributable to the use in reference 5 of less rigorous equations and
lower collision cross sections. From the equations in appendix B_ the viscosity
and translational thermal conductivity vary inversely with the collision cross
sections_ which are in the correct direction to account partly for the observed
difference.
A comparison of the atom-electron and the atom-ion binary diffusion coef-
ficients of the present calculations with the values presented in reference S
is given in figure 15. The larger values obtained for the present calculations
are primarily a result of the use of the second approximation (rather than the
first) approximation.
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constant in exponential potential energy (_ = Ae-r/P), eV
ratio of collision integrals that appear in expression for trans-
port properties of mixtures (eqs. (BS), (B7), and (BS))
impact parameter, cm
multicomponent diffusion coefficient of ith through jth
species, cm2/sec
thermal diffusion coefficient of ith
binary diffusion coefficient between
cm2/sec




charge of electron, statcoulombs
initial relative velocity of colliding particles, cm/sec
heat of reaction_ cal/mole
Debye distance_ cm
Planck's constant divided by 2_, (erg)(sec)
total current
ionization equilibrium constant, arm
Boltzmann constant
molecular weight of ith species_ g/mole
mass of ith particle, g
species, g/(cm)(sec)





















mass of electron, g
total number of particle per unit volume, cm -3
number of ith particles per unit volume, cm-3
pressure tensor
pressure_ arm
monoenergetic collision cross section for charge exchange, _2
monoenergetic collision cross section, _2
charge of ion, statcoulombs
total energy flux per unit area, cal/(cm2)(sec)
universal gas constant
separation distance between colliding particles_
symbol for the gradient operator del V, cm -I
rate of shear tensor
temperature, OK
umit tensor
diffusion velocity of ith species, cm/sec
external force acting on ith species
mole fraction of ith species
compressibility factor, pV/RT, where V is volume
coefficient of temperature gradient term in current equation (eq. (8))
degree of ionization
reduced initial velocity between ith and jth colliding particles,


















is second approximation correction term for binary diffusion
i-Aij
coefficient
zeroth order phase shift angle
triplet zeroth order phase shift angle
singlet zeroth order phase shift angle
viscosity coefficient_ g/(cm)(sec)
total thermal conductivity of gas mixture, cal/(cm)(sec)(°K)
defined by eq. (4)
reaction contribution to thermal conductivity, cal/(cm)(sec)(OK)
translational contribution to thermal conductivity, cal/(cm)(sec)(°K)
reduced mass of i-j species
total number of different species contained in gas
density, g/cm S
electrical conductivity_ mhos/m
interaction potential energy_ eV
angle of deflection between relative velocity vectors of two colliding
particles before and after collision
collision integral between ith and jth
indices), cmS/sec




collisions where charge exchange occurs
neutral atomic hydrogen







particles (Z,s are dummy




In the following equations the subscripts l, 2, and 3 denote the neutral
hydrogen atom, the atomic hydrogen ion, and electrons, respectively:
Viscosity
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H22 =-- +--
_2 _21 ml + %)2\3A .1 + +
MzM2 S +
(M 2 + %)2
x_ 2x3x 1
H33 =-- +__
q3 MS1 MzMI _ + M1) 2XsX2(% + M1)2 _ + %_.
H12 = H21 =
2XlX 2
_12 (M1 + M_)_ 5A12
H13 = H31 =
2XlX 3
"q13 (MI + %)z
H23 = H32 =
2x2x 3 M2M 3 <Z--_2Z - 11%i3 (M2 + %)2 15
The molecular weight of the hydrogen ion is approximately equal to the
molecular weight of the hydrogen atom, therefore M2 _ MI. Also the mass of the
electron is much less than the mass of the ion and atom (M3/M2 _ Mz/MI << i).
With these approximations, equation (BI) becomes
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ij i = i, 2, 3, and j = i_ 2_ 3 (Bs)











The second approximation %o the binary diffusion coefficient is (ref. ii,
eq. (8.2-47) and (8.A-4)).
_ij : 0.002628 (B6)
_° o
ij
(sc_j - s) s
so(x_,- Yx)
W
W = i + hi J 8Aij x {MAm j
2 2
x. 2x. x. x.
1 l_____j + j
X__ hi + _ij _U
x 2 2x x x 2
_ i U(1) + i_____j u(Y) + j U(2)
Y_ hi _ij _U
u(1) 4. z(_ _ )Mi 1- lm +--
: T5 Aij i"[ Bij + Mj 2
u(Y)_ _i + Mj)q_2
. _ ij
12 Bij +
52A._j -- Bij ....
z j
4. i I_. I) Mj i (Mi - M j) 2
U(2) _ _ Ai j _ y_ Bi j + _. + _ 2MiMj






is given by equation (BS) and the pure gas thermal conductivities are
hI : 1989.1XI0-






The total thermal conductivity h may be written as the sum of three terms
= ht + hd + hr (Bll)
where Xt is the translational contribution, _d is the diffusional contribu-
tion, and _r is the reaction contribution including thermal diffusion and the
charge separation field.
The second-approximation equation for the sum of the translational and dif-
fusional contributions is (ref. 25)
L!I LI2 LIS x I
L21 L22 L2 S x 2
LZI LZ2 LZS x Z
















xixjHiHj(_ - SBij_ - 4A_j)
(M i + Mj)8_ij (BI4)
_ij are the binary diffusion coefficients given in equation (B6) and A_j
and B_j are given by equations (BS) and (B7), respectively.
The equation for _d is given by equation (4) from reference 7
where K i is the ionization equilibrium constant, k is the Boltzmann constant,
m is the electron mass_ D_ is the electron thermal diffusion coefficient, and
DI2 and DS2 are the atom-ion and the electron-ion multicomponent diffusion
coefficients.
The equation for the reaction contribution to the total thermal conduc-









Since x 2 = x5
T i i(xi + x2) +
(mT)
where DI2 and DI3 are the atom-ion and atom-electron multicomponent dif-
fusion coefficients, respectively.
Multicomponent and Thermal Diffusion Coefficients
The second-approximation equation for the multicomponent Dhk



































































































where 5ij is the Kronecker delta; that is_
$ij = i if j = i
:o if j_i
Electrical Conductivity
The equation for the second approximation for the electrical conductivity
is (ref. 26)
i - A c
where c0 is the first approximation to the electrical conductivity and S c is









% : x2_ :(l,l) -(l,1)
_L23 + Xl_J_ 213
: x_z2_=,- _ -(l,l)_z5+ XlZl3_ _ -(l,l)ci3
where e is the electronic charge
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Yij 8.5 _ Bij
21
-(l,l)
and _.. are the collision cross sections given in equation (7). Sub-
ij
scripts i_ 2_ and Z refer to neutral atom_ ion_ and electron_ respectively.





Hydrogen Atom - Hydrogen lon Collision Integral
As stated in the text, the collision integral
mately by
a(l, s) = 2a(l, s)
ex
_(l,s) is given approxi-
_0 °°
e-r2w(2s÷5)o(l)dr
= B 2_ _ex (el)
where the second expression in equation (CI) is obtained by using equation (S).
The monoenergetic collision cross section Q_I)_ was calculated from refer-
ex
ence 17, and then fitted to the expression
Q(1)-_(B - C in _)Z
ex
(cz)
where B = 5.A4, C = 0. AAA2, and E is the relative energy in ergs before the
collision.
In order to perform the integration of equation (CI), r is expressed in







Substituting equations (C3) and (CA) into equation (CI) yields
25
s • E
i _ (k_)-(+s -_ (1)_(s+l)
e Qex m dE
_(l,s)= _ ,_ _ o
Then substituting equation (C2)into equation (C5) and integrating give
_(I,i) = i _ 12(B- C in kT) 2 3.691 C(B, C in kT)+ 2._8& C 2]
2 v _ - 15.07 C(B - C in kT) + 11.16 C 2]
_(i_3) 1
F
=2 ¥_ L - _I
The integrals were evaluated by using the tables of reference 27.
(cs)
(cs)
Hydrogen Atom - Electron Collision Integral
The collision integral is given in terms of the monoenergetic cross section
by equation (8)
For H-e collisions_ the monoenergetic collision cross Sections
given in terms of their phase shift angle by
Q(1) are
Q(1)_ _{2 (sinZS 6 + 5 sinSS_)
m2g 2
(c7)
Q(z)_ 2 (sinSS$+ 3 sinSS )
5m2g 2
where 5_ and 50 are the triplet and singlet phase shift angles, respec-
tively, and g is approximately the velocity of the electron. Values of 5_
and 5_ are given in reference 21 in terms of the velocity of the electron.
In order to perform the integration of equation (7) when equation (C7) is
substituted into it_ the quantity sin25_ + 5 sin25_ was fitted to a fourth-
degree polynomial in the velocity. The fit gave
sin25_ + 5 sin25_= -2. 50975X!0 -I + 2.72458XI0 -8 g + 5.25887X10 -16 g2
_ 3.9323XI0-2_ g3 + 1.1137XI0-32 g_ (c8)
2,¢
where g is in centimeters per second.
Substituting T = 2_T g and equation (C8) into equation (8) results in
2s+3 _-!-_ i _ 2n(l,s)_ _A_I_) ss+j+l zk_
_2 i__ / _ m2 j g e
j=0
ag (cs)
2s+3 _ f_ _g2
= _--_ _kT) _..j_-_--/ g e
j=0
dg (ClO)
where the Aj's are the coefficients of the g's in equation (C8).
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TABLE I. - COLLISION CROSS SECTIONS AND HYDROGEN TRANSPORT
PARAMETERS FOR NONCOULOMBIC COLLISIONS
o
Tempera- Collision cross sections, A 2
ture,













































































































































































































































































































































































































































TABLE I. - Concluded. COLLISION CROSS SECTIONS AND HYDROGEN TRANSPORT
PARAMETERS POR NONCOULOMBIC COLLISIONS
Tempera- Dimensionless parameters
ture, . * C _ A_ _-e *CH-e


























































































































































































































































































































































































































































































































TABLE II. - TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN
(a) Pressure, i0 -S atmosphere
Tempera- Mole fractions Binary diffusion coefficients, Thermal diffusion coefficients,
ture, cm2/see g/(cm)(sec)OK






















































































b ._ [_2hL- C4
d.h165Ck-t]4
C.495_t_k-d4




u. 2 t:57 It - C4
C ._45_t,k-C_



































































































































































































































































































































































































































































































































































TABLE If. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN





















































































































































































































































































































































































































































































































































































































































































TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN
(a) Continued. Pressure, l0 -5 atmosphere
Tempera- Multicomponent diffusion coefficients, Shielded coulombic col- Dimensionless parameters for shielded
ture, em2/see lision cross sections, eoulombie collisions
OK _2
T DH+U De H De H+ _(i,i) _(2,2) A_ #





























































































































































































































































































































































































































































































































































































































TABLE II. - Continued. TNANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATC_IC HYDROGEN





5 .{JOE CJ O. 27L3b_-_5
5.501: £3 L. J_75/L-05
6. C0{; G_ t;. 6_J lSt-sb
C.5OE C3 C.51obld-u5
7.006 15 0. //Z?SL.C5
7.50£ C_" C.94[531-C5
8.ODE U3 G.I [177k-C6
a.5U£ t,_ 6. 12S_3£-0_
9.GOE 03 0. lq ?£6£-C_
9.50_ O_ C.I_:?ZLE-(4
I.COk Lq L. I_7_CE-C4
I.CSL C4 L.2052SL-64
1.10£ O* 0.2_129E-C4
•Ib_ 04 O. 2 _60E-(i4
1.20k 04 L.2_Z4IL-04
i.2b{; C4 O. "309 _7£- Ce_
1.30k C4 C.3_lb[-C4
I._5_ {}q _. _ee111:-04
1.40E (+ O. -a _seea-Oq
I .,* 5{; C4 G.q32_lE-04
1.501 {;4 £ .4_7CO/--U4
1.555 C4 (,. 503C3E-04
l.eu6 _4 C.54C51L-C4
l.ebF C4 i). b 7954{;-[4
1./0_ C4 C.62C126-C4
1.7b_ G4 0.60,_ 28£-0_*
[ .8U_ C4 (3. _SC2e-(q
1.85E C4 C. 1_136E-t4
1.S06 C4 0. 19_32E-(4
[ .951- 64 C.b4e£1E-C4





2. 251: C4 C. II 1J4,:-C3
2.3oE C'+ A. 1233_+L-03
2._bt C4 C. 12S_)k-03
2.40e 04 O. 135S_-03
2.45_ 04 O. 14254L-[3
2.50{; U4 U. 149Z_+L--13
2.55e (4 C. [_L_O_-03
2.605 04 ( . 1b329_-C_
2.e5t 04 C.17CbTt-L3
2.701 04 0. I I+_C3E-L3
2.75_ 04 C, 1_5_71-03
2.dOE 6_ t;. 1 _ _,5Oa-C3
2.85E G4 O. 2LJ 5Z{;--03
2.SO_ C4 [,.2b9 /dS-CJ
g. c,b{; u4 b.21i_lu£-C3
3.0C_ u4 c.22cd_;b-C3
3.Cbe 04 (J.2 _544L-C $
3.10_ CA u. 2644_e-(,3
3.[5E £4 U.25355E+/3
3.2uC C4 C • 2(;2 O';'b- C3
3.ZbE 64 i). 2726_"E-03
3.30_ C4 C. 2_:z1 _-C3
3.3b_ C4 C. 2',2 [ _[i-C3
3.40[- C4 o.'qZ2[L-C3
5 .4St: Oq 'J. 3125 _c-t,3
3.5uL 04 ( .323C5P-C3
3.551 14 _.25_71&-C3
3°60{; G4 C. _q4ogb--(3
3.eb{; (24 _,. 25582t-03
3.70E 04 0._1[4k-C3
3.15k 64 L.3?_&]i:-( _
3.BUt 04 C. 39041L-13
3.85E 04 0.40Z35[-( 3
3. gut: L4 ,_. 41450k-63
3. £b{; 64 b.426350-63






















































































































































































































































































































































































































































































































































TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN
(b) Pressure, lO -4 atmosphere
Tempera- Mole fractions Binary diffusion coefficients, Thermal diffusion coefficients,
ture, cm2/see g/(cm)(sec)
OK



















































































































































































































































































































































































































































































































































































































































































TABLE If. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN













































































































































































































































































































































































































































































































































08 O. 13017E I0
08 O. 14555E 10
07 0.160852 10








07 O. 31492E 10
07 0.33436F 10
07 0.354262 10
07 O. 37461E tO
07 O. 3954tE 10
07 0.41666F i0
07 0. 438342 10
07 0.460462 I0
07 0.48301F 10
08 0. 50598E IS
08 O. 529382 10
08 0.55319E 10
08 0.577422 |0
08 O. 60206E I0
08 0.627112 10




08 O. 75835E I0







08 0.98844_ _ ]0





08 0. I 1766£ I I
08 O. 12092F 11
08 O. 12422E it
08 O. 121552 11
OS O. [3092E 11
C8 O. 13432E 11
08 O. [3776F 11
08 0.141232 11




09 O. 15910F 11
09 0.16277F It
09 O. 166482 11
09 O. 17022E 11
09 O. 17399E II
09 0.177802 tl
09 0. [8|64F 11




TABLE II. - Continued. TRANSPORT PROPERTIES AND COUL01_BIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN





5.005 03 C.3_/_65 CO
5.505 C_ C._53275 C6
6.0U6 U3 0.4517_E C6
6.505 03 C.513585 CO
7.CUE 03 0.57854L 06
7.505 C3 0.6496_£ CO
8.C08 03 C.7232U6 C6
8.505 03 0.759625 06
9.00E 03 6.815/65 56
9.5OE C3 C.S60626 C6
I.C05 C4 C.104525 i_
t.GSE 04 0.115266 07
1.I05 64 C.122266 C7
[.ISE 04 0.131545 C7
1.2UE 04 C.141085 C7
1.255 04 0.156595 £7
1.305 04 C.160555 67
1.355 C4 0.I/IZI[ L7
1.405 C4 6.18184_ C7
1.455 Cq 0.1£2_?t 01
1.50E 64 u.2L374£ Cl
1.555 C4 0.215556 67
1.605 04 0.226Cbh C7
1.655 04 0.Z38400 OI
1.705 64 u.2504_E C?
1.75t C4 0.2a2_SL C7
[.805 04 0.27518E C7
1.855 04 0.2_7£15 C7
1.805 04 G.3CGSeL C7
1.85E C4 0.314C3E C7
2.C06 C4 C.32?445 C7
2.055 04 0.3415(,5 {)?
2.10_ C4 C.354505 C7
2.156 04 0.368565 Ct
2.206 04 0.3t3245 C7
2.255 04 C.3£773E C7
?.3oh 04 0.412435 C7
2.355 [4 0.42135L C7
2.405 04 0.44248h 67
2.455 (4 0.457515 C7
2.505 C4 0.473361 67
2.5_£ 04 0.489]05 07
2.605 C4 C.bG5C6E 67
2.655 04 0.52t215 C7
2.70£ C4 C.SZ?t_L £7
2.755 04 0.554135 67
2.80E Cq C.5/C[_95 C1
2._55 04 C.561_5_ C7
2.505 04 C.6(5C0_ C7
2.$58 04 0.622355 (;7
3.00E C4 6.6_SqOh C?
3.05E 64 C.6516qE 07
3.16E 04 0._/55/E C7
3.156 04 6.6_95 07
3.20E 04 C.712CoE 07
3.255 C4 [.7_C515 C7
3.3bL C4 0._4S20_ 07
3.355 Cq O.?C_t8E C7
3.40E 04 G.7r7155 C7
3.45_ C4 0._(_40E 17
3.5u6 C4 0._2!:_!45 Li
3._55 C4 C._4546c C7
3.606 Cq O.SLt)2bt C7
3.65E 04 O._:SZ_ (.7
3.705 C4 C.9(_42d C1
3.?b£ 04 C.9257/£ U?
3.00E 64 C.54_3G_ Ll
3.85£ C4 U.967L15 U7
3.$05 04 C. £tTUh ( 7
3.955 b4 C.It, CSOE b_
4.0Oa 04 C. 1{: _(25 U_
4.05E C4 U.itb16F (:_
Multicomponent diffusion coefficients, Shielded coulombic col- Dimensionless parameters for shielded
cm2/sec lision cross sections, coulombic collisions
_o . .

























































































































































































































































































































































































































































































































TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN



































































































0 • D02_ 3h-04
0.541538-04


































































































































































































































































































































































































































































































































































































TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATQ_IC HYDROGEN
(e) Pressure, 10 -3 atmosphere
Tempera- Mole fractions Binary diffusion coefficients, Thermal diffusion coefficients,
ture, cm2/see g/(cm)(sec)
OK

























































































































































































































































































































































07 0. 1{ii34E 08
























































































































































































































































































































































































TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN
(e) Continued. Pressure I0 -S atmosphere
Thermal conductivity, Viscosity, Multicomponent diffusion coefficients,
cal/(cm)(sec)(°K) g/(cm)(sec) cm2/sec
Transla- Reaction Diffusional Total
tional




0 •52Z c 71_-_2
0. b_Z4 _L-C2
L . bCl_ t6L-CZ
(: . 42960_-_.2







C • dgd4_!- C3
(i,'_q[Sbk-_3
_. 1 c_ 29k-CZ
o,IC/b4E-£2















t;. 2e'_ 72E- t2
C .3c4oSL-u2




















































































































































































































































































































































































































































































08 0. 76439E 07
08 0.17155E 08
08 0.34345E 08
08 0. 87134E 08








06 0. 22433E 09
06 0.24159E 09
06 0.25925F 09
06 0. 27734E 09
06 0.29589E 09
06 0. 31488E 09
08 O. 33433E 09
06 0. 35424E 09




07 0. 46045E Oq
07 0.48300E 09




07 O. 60206E 09
07 0.62710E 09
07 0. 65256E 09
07 O. 67841E 09
07 0. 70466E 09
07 0.7BL3IF 09




07 0. 87036E 09
07 0.89932E 09
07 O. 92865E 09
07 0. 95836F 09
07 0. 98844E 09
07 0. IOI89F tO
07 0. I0497E I0
07 0. I0809E t0
07 O.ttt24E I0
07 O. t 1443F tO
07 0.11766E 10
07 O. 12092E I0
07 0.12422E 10
07 0°12755E IO
07 O. 13092E I0
07 O. 13432E tO
07 O. I3778E IO
07 0.14123E 10
07 0.14473E 10
08 O. 14827E 10
08 0.15185E l0
08 0.15545E I0
08 0. tB909E l0
08 0.16277E IO
08 O. 16648E 10
08 0. I7022E l0
08 0.17399E 10
08 0.17780E 10
08 0. ISI64E 10
08 0. I855tE 10
08 O. 18942E I0
08 0.19336E I0
59
TABLE II. - Continued. TRANSPORT PROPERTIES AND COULON[BIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN
















































































Dimensionless parameters for shielded
coulombic collisions
T DH+_H De_M De_H + _ i,I) _ 2,2) Ae Be Cc
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TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN



























































































0 •4 1449k- ( 3
0.46_0i/-03
0 •50_ 19h -03
C.blddl£-L3
C. 534 L 45-63
0.54962[-L3
0.5654dh--[3


































































































































































































































































































































































































































































































































































































TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN





























































































































































































































































































































































































































































































































































































































































































































TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN





































































u • 153% tL--t l
C. i51125-01
C. I lu 996--(iI
().I13111 -t_





















































































































































































































































































































































































































































0.60916E 07 0.522165 06
0.677815 07 0.939125 06
0.699895 O? 0.t8497E 07
0.660025 07 0.33904E 07
0.566595 07 0.547745 07
0.4472_E 07 0.785265 07
0.33308E 07 0.10233E 08
0.24076E 07 0.I2471F 08
0.172095 O? 0.14554E 08
0.12247E 07 0.165225 08
0.86749E 06 0.184175 08
0.609715 06 0.202725 08
0.42519E 06 0.22108E 08
0.276565 06 0.239405 08
0.21084E 06 0.25781E 08
0.[5681E 06 0.276415 08
0.12480E 06 0.295275 08




0.10359£ 06 0o395305 08
0.11023E 06 0.41657E 08
0. I1844E 06 0.43827_ 08
0.127955 06 0.46040E 0_
0.138585 06 0.482965 08
0.15024E 06 0.50594E 08
0.162875 06 0.529345 08
0.17645E 06 0.553165 08
0.19096E 06 0.577395 08
0o206415 06 0.602035 08
0.222805 06 0.627085 08
0.24014E 06 0o65254E 08
0.258465 06 0,678395 08
0.277785 06 0.704646 08
0.29811E 06 0.731295 08
0.31949E 06 0.75833E 08
0.34193F 06 0.785765 08
0.365485 06 0.8135_E 08
0.39014E 06 0.841775 08
0.415965 06 0.870345 08
0.442958 06 0.899305 08
0.47115E 06 0.928635 08
0.500595 06 0o758345 08
0.531295 06 0.988425 08
0.56329E 06 O.IO189E 09
0.596625 06 0.10497E 09
0.631305 06 0.108095 09
0.667375 06 0.11124E 09
0.70485E 06 0.t14435 09
0.74378E 06 0.117665 09
0.784195 06 0.12092E 09
0.82611£ 06 0.124215 09
0,869575 06 0.127556 09
0.91461E 06 0,13091E 09
0.961245 06 0.134325 09
0.t00955 07 0.13_75E 09
0.105955 07 0.141225 09
O. IIIIIE 07 0.14473E Og
0.11645E 07 0.I4827F 09
0.12196F 07 0.[51845 og
0.12766E 07 0.15545E 09
0.13353£ 07 0.159095 09
0.13960_ 07 0o16277E 09
0.14585E 07 0.[6648£ 00
0.152295 07 0.170225 09
0,158945 07 0.173995 09
0.165785 07 0.17780_ 09
0.17282_ 07 0,181645 09
0.18007_ 07 0.18551E 09
0.18753E 07 0.189425 09
0o195215 07 0.19336£ 09
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TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN
(d) Continued. Pressure, 10 -2 atmosphere
Tempera- Multicomponent diffusion coefficients, Shielded eoulombie col- Dimensionless parameters for shielded
ture, em2/sec llslon cross sections, eoulombie collisions
OK 22




































































































































































































































































































































































































































































































































































































































TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOM_IC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN
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TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN
(e) Pressure, l0 -1 atmosphere
Tempera- Mole fractions Binary diffusion coefficients, Thermal diffusion coefficients,
ture, ::.2/scc g/(em)(ses)
OK
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TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN





















































































































































































































































































































































































































































































































































































































06 O. 10286E 06
06 O. [78928 06
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06 0.47713E 06
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06 O. 13774E 08
06 0.14122E 08
06 O. 14472E 08
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06 O. 15184E 08
06 O. 155448 08
06 O. 159088 08
06 O. 162 76E 08
06 O. 166478 08
06 0.17021E 08




06 O. 18941E 08
06 O, 193358 08
47
TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN
(e) Continued. Pressure, i0 -I atmosphere
Tempera- Multicomponent diffusion coefficients, Shielded coulombic col- Dimensionless parameters for shielded
ture, cm2/sec lision cross sections, eoulombic collisions
OK _2
_(1,1) _(2,2) A +


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE II. - Continued. TRANSPORT pROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN





























































Mole fractions Binary diffusion coefficients, Thermal diffusion coefficients,
cm2/sec g/(cm)(sec)
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TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN
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TABLE II. - Continued. TRANSPORT PROPERTIES AND OOULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN
(g) Pressure, l01 atmospheres
Tempera- Mole fractions Binary diffusion coefficients, Thermal diffusion coefficients,
ture, em2/see g/(em)(sec)
oK
































































































































































































































































































































































































































































































































































































TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN







































































































































































































































































































































































































































































































































TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN
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TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN
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T_BLE II. - Continued. TRANSPORT PROPERTIES AND COLFLOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN
(h) Pressure, 102 atmospheres
Tempera- Mole fractions Binary diffusion coefficients, Thermal diffusion coefficients,
ture, cm2/eec g/(cm)(sec)
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TABLE II. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN















































































L •)c_; %4k -02
(]. _9864i=-02
(_. oJ(;_E-C2












































0 • _E /vc--L, 1




0 •42t) Ob1--( I











































































































































































































































































































































































































































































































































TABLE If. - Continued. TRANSPORT PROPERTIES AND COULOMBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN
(h) Continued. Pressure, 102 atmospheres
Tempera- Multicomponent diffusion coefficients, Shielded coulembic sol- Dimensionless parameters for shielded
ture, cm2/sec Iision cross sections, coulombio collisions
OK 22




































































































































































































































































































































































































































































































































































































































































T#$LE II. - Concluded. TRANSPORT PROPERTIES AND COULONIBIC COLLISION CROSS SECTIONS FOR IONIZING ATOMIC HYDROGEN
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Figure I. - lllustration of overlap of dissociation and ionization reactions at high temperatures•
Region I bounding curve represents area where > 5xlO-4. Region II bounding curve
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Figure 2. - Illustration of how reference I data may befaired into present results. Data for dashedcurve wascal-





































(a) Hydrogen atom - hydrogen ion.
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(c) Electron- hydrogenatom.







































(d) Hydrogen atom - electron.
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(f) Hydrogen atom - hydrogen ion.
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(b) Electron.
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Figure 6. - Viscosity of hydrogen as function of temperature for pressures from 10-5 to 102 atmospheres.
76

































I II }( _v."_
I ll/_A )__ -..
"X_Y v_ __-..
/ \/
I A ! I I
I I I II I / I
I I It II /
III IIll
III I II /\




I • I I [
I I I I
I I I
I I _1































5 10 15 20 25 30 35
Temperature, T, °K
















































g  ---.,. . _,--.
/
0, _ _ "__ _ _ ""
to-S\ ,,F,__L--._ ___---
I
6 8 I0 12 14 16 18 20 22 24 26 28 30 32 34 36 38
Temperature,T, °K



























/ / /X_-4 /
• .,," Ill'..,- jf
5 10 15 20 25 30 35
Temperature,T, °K
Figure 10. - Electrical conductivityof ionizing atomichydrogenas function of
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Figure 11. - Comparison of present calculation of electrical conductivity of hydrogen
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Figure 12. - Comparison of coulombic collision cross sections used in present
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Figure 13. - Comparisonof translationalthermalconductivity ofpresentcalcula-
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Figure 15. - Comparison of atom-ion and atom-electron binary diffusion coeffi-
cients of present calculation with those of reference 5. Pressure, 1 atmosphere•
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